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2. Claim 

1. A photoreceptor in which a photoreception chip is sealed with a 
sealing member made of a light transmissive material, characterized 
in that- a surface of the sealing member on a photoreception face side 

5 of the photoreception chip is finished to have a smooth surface; and an 
antireflection film for light with a specific wavelength is formed on the 
smooth surface. 

2. A photoreceptor in which a photoreception chip is sealed with a 
10 sealing member made of a light transmissive material, characterized 

in that" a transparent plate is bonded to a surface of the sealing 
member on a photoreception face side of the photoreception chip; and 
an antireflection film for light with a specific wavelength is formed on 
an outer surface of the transparent plate. 

15 

3. The photoreceptor according to claim 2, wherein the sealing 
member and the transparent plate have a substantially same 
refractive index. 

20 3. Detailed Description of the Invention 
(Field of Industrial Application) 

The present invention relates to a photoreceptor such as a 
photodiode. 

25 (Prior Art) 

In order to enhance the photoreception sensitivity of a photodiode, 
the light incident in a package should be made securely incident on a diode 
chip without reflecting and attenuating the light. Furthermore, in the case 
of the usage in combination with a laser diode or the like, the reflection at 
30 the photodiode causes return light to the laser diode, thus resulting in 
malfunction. 

(Problems to be Solved by the Invention) 

As technology devised for antireflection in a photoreception device 
35 such as an image sensor or an imaging device, JP H 1-262661 A and JP 
H2-5687 A, for example, are known. These technologies, however, are 
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aimed for the antireflection in broadband and are for solving the problems 
specific to an imaging device requiring the photoreception in broadband. 

Thus, it is an object of the present invention to provide a 
photoreceptor that can receive light with a specific wavelength with 
5 significantly high sensitivity. 

(Means to Solve the Problems) 

According to the present invention, in a photoreceptor in which a 
photoreception chip is sealed with a sealing member made of a light 

10 transmissive material, a surface of the sealing member on a photoreception 
face side of the photoreception chip is finished to have a smooth surface, and 
an antireflection film for light with a specific wavelength is formed on the 
smooth surface. 

Furthermore, according to the present invention, in a 

15 photoreceptor in which a photoreception chip is sealed with a sealing 
member made of a light transmissive material, a transparent plate is 
bonded to a surface of the sealing member on a photoreception face side of 
the photoreception chip and an antireflection film for light with a specific 
wavelength is formed on an outer surface of the transparent plate. 

20 

(Effect) 

According to the present invention, a surface of a sealing member 
is finished to have a smooth face, or a transparent plate is boded to the 
surface, and therefore even when an antireflection film for a specific 
25 wavelength is formed thereon, a high reliability can be maintained. 

Furthermore, an optical refractive index is made substantially constant 
across a path from the antireflection film to the photoreception chip, 
whereby more excellent antireflection can be realized. 

30 (Embodiments) 

The following describes embodiments of the present invention, 
with reference to the attached drawings. 

Fig. 1 shows four types of photodiodes in cross section according to 
the embodiments. Fig. l(a) shows a mold type, in which a photodiode chip 
35 2 mounted on a lead frame 1 is sealed with a sealing member 3 obtained by 
molding of an epoxy resin. Then, a transparent plate 5 made of glass, 
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acrylic resin or the like is bonded to a photoreception face side of the sealing 
member 3 by means of an adhesive 4, and an antireflection film 6 is formed 
on an upper face of the transparent plate 5. 

Fig. l(b) shows a type for enclosing in a ceramic package, in which 
5 a photodiode chip 2 is mounted in a cavity of a ceramic package 8 having 
lead terminals 7, and the cavity is filled with an epoxy resin or the like so as 
to form a sealing member 3. Then, a transparent plate 5 made of glass, 
acrylic resin or the like is bonded to an upper face of the sealing member 3 
by means of an adhesive 4 made of an epoxy resin, a silicone resin or the 

10 like, and an antireflection film 6 is formed on an upper face of the 
transparent plate 5. 

Fig. l(c) shows a type of sealing on a board, in which a mount 
region is formed with a frame member 10 on a board 9 such as a PCB made 
of glass epoxy or a FPC made of polyimide or the like. Then, a photodiode 

15 chip 2 is mounted in the mount region, which is filled with an epoxy resin or 
the like so as to form a sealing member 3. Furthermore, a transparent 
plate 5 is hermetically bonded to an upper face of the sealing member 3 by 
means of an adhesive 4, and an antireflection film 6 is formed on an upper 
face of the transparent plate 5. 

20 Fig. l(d) shows a type of enclosing in a metal package, in which a 

photodiode chip 2 is mounted in a cavity of a metal package 11 having lead 
terminals 7. Then, the cavity is filled with a silicone resin or the like so as 
to form a sealing member 3, and a transparent plate 5 is bonded to an upper 
face of the sealing member 3 by means of an adhesive 4 made of a silicone 

25 resin or the like. An antireflection film 6 for light with a specific 

wavelength is formed on an upper face of the transparent plate 5 whereby a 
photoreceptor of this embodiment is configured. 

In the above-stated photoreceptors of the embodiments, the sealing 
member 3 is made up of an epoxy resin and a silicone resin, for example, 

30 and these resins have the following optical refractive indexes^ 
Epoxy resin — n = 1.53 
Silicone resin — n = 1.4 to 1.55 
Then, as the transparent plate 5, a material matching with the transparent 
plate 5 in refractive index, facilitating the formation of the antireflection 

35 film 6 and having high reliability may be selected. As such materials, an 
acrylic resin is available, for example, whose refractive index n is 1.52. 
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Furthermore, borosilicate glass (refractive index 72 is 1.51 to 1.54) also can 
be used. Then, the above-described sealing member 3 and the transparent 
plate 5 are hermetically bonded by means of the adhesive 4 having a 
refractive index substantially equal to these. 
5 As the antireflection film 6, a multilayered antireflection film may 

be used. Assuming the film thickness (nd) is XI A, for example, and in the 
case of a two-layered coating, the antireflection film 6 may be as follows- 

A second layer • MgF 2 (t3=1.38) 

A first layer - AI2O3 (t3=1.63) 
10 Transparent plate — glass (72=1. 52) 

In the case of a four-layered coating, the film thickness may be determined 
according to the multivariable function disclosed in JP S63- 165806 A, and 
the antireflection film 6 may be as follows- 

A fourth layer -« MgF 2 (t3=1.38) 
15 A third layer • Ti0 2 (t2=2.28) 

A second layer — Si0 2 (72= 1.46) 

Afirst layer »- Al 2 Oa (t2=1.63) 

Transparent plate — glass (73=1. 52) 

Furthermore, in order to secure the antireflection effect, it is 

20 preferable to form an antireflection film also on a surface of the photodiode 
chip 2. That is, when the photodiode chip 2 is made of silicon (Si), the 
photoreception face of the photodiode chip 2 may be coated with Si3N4 
(72=2.0) or Ce0 2 (/3=2.3). 

The inventors of the present invention made a comparison 

25 between the photodiode having the configuration shown in Fig. l(a) and a 
conventional photodiode (photodiode without the transparent plate 5 having 
the antireflection film 6). More specifically, as the photodiode of the 
present invention, the photodiode chip 2 was a Si photodiode, on a surface of 
which an antireflection film whose reflective index became the minimum at 

30 a wavelength of 780 nm was coated. As the sealing member 3, an epoxy 
resin with 73=1.52 was used, and as the transparent plate 5, a borosilicate 
glass plate was used, on one surface of which an antireflection film whose 
reflective index became the minimum at a wavelength of 780 nm was 
applied. The transparent plate 5 was bonded to the upper face of the 

35 sealing member 3 by means of the adhesive 4 made of an epoxy resin. As 
the conventional photodiode, a photodiode without the above-described 
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adhesive 4, the transparent plate 5 and the antireflection film 6 was used. 
As a result, the quantum efficiency at a wavelength of 780 nm was 94% in 
the conventional type, whereas was 98% in the type of the present invention. 
Fig. 2 shows the result. 
5 In this way, as for the photodiode with a glass plate having an 

antireflection film and the photodiode without it, the following were found- 
the reflective index at the package surface of a product with the glass 
having the antireflection film is governed by the reflection at the surface of 
the antireflection film only, because the glass, the adhesive and the sealing 

10 resin have the common refractive index. Therefore, considering that the 
wavelength A, is limited to 780 nm, the state of the reflective index 
substantially close to 0% can be secured. 

On the other hand, in the case of the conventional photodiode, the 
refractive indexes of an epoxy resin and a silicone resin are about 1.45 to 

15 1.55, and a reflective index of a border portion between the resin and air will 
become 3.4% to 4.7%. 

In this way, according to the method of the present invention, 
considering that the loss of the incident light is reflective light only, the 
quantum efficiency can be made closer to 100%. Furthermore, when the 

20 photodiode is used for accepting the incident light of a laser diode, the effect 
for preventing the malfunction due to return light can be obtained. A 
technology for forming an antireflection film on a glass board has been 
already completed. Therefore, an antireflection film complying with 
various demands can be obtained while securing high reliability. Then, 

25 this can be simply bonded to the conventional resin sealing type photodiode. 
Furthermore, although it has been considered conventionally that the 
enhancement of the quantum efficiency of a resin sealing type photodiode is 
difficult, a product closer to 100% can be formed at a low cost by suppressing 
the reflection at a surface of the package. 

30 

(Effects of the Invention) 

As described above in detail, in a photoreceptor of the present 
invention, a surface of a sealing member is finished to have a smooth 
surface or a transparent plate is bonded thereto, and therefore even when 
35 an antireflection film for a specific wavelength is formed, high reliability can 
be maintained. Furthermore, a material is selected so that an optical 
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refractive index is made substantially constant across a path from the 
antireflection film to a photoreception chip, whereby more excellent 
antireflection can be realized. Thus, a photoreceptor that enables 
photoreception of light having a specific wavelength with significantly high 
sensitivity can be provided. 

4. Brief Description of Drawings 

Fig. 1 is a cross-sectional view of a photodiode according to one 
embodiment of the present invention, and Fig. 2 is a graph for comparing 
the photodiode of the present invention with the conventional photodiode. 

1 lead frame 

2 photodiode chip 

3 sealing member 

4 adhesive 

5 transparent plate 

6 antireflection film 

7 lead terminal 

8 ceramic package 

9 board 

10 frame member 

1 1 metal p ackage 
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